The classical morphological appearance of Diplococcus pneumonute in artificial culture media is that of pairs of cocci. Short chains con- The relation of trace element concentration to the change in morphology of D. pneumoniae was investigated to ascertain which ions were involved in this alteration and to relate morphology and growth to metallic ion concentration.
countered frequently with Type III. It is not known if chaining in this genus is an expression of incomplete cell division or is related to the characteristics of the capsular integument.
It was observed in this laboratory that the addition of sodium citrate to a mediumotherwise suited for the growth of the pneumococcus resulted in the organisms being found in chains rather than as isolated diplococci. Okamoto (1940) using quatemary ammonium compounds and Badger (1944) using ethanolamine observed like rsults.
Similar effects upon other organisms have been recorded. Filamentous forms of Cloidum perfringens were produced by Webb (1948) by growing the organisms in a medium deficient in Mg++.
Subculture of these organisms in a Mg++ rich medium caused a reversion to the normal form. This reversion could not be accomplished by the substitution of metallic ions other than Mg++. Studies on the morphology of organisms grown in a Mg++ deficient medium were extended by Webb (1949) to include other groups of organisms such as clostridia and gram positive aerobic bacilli. Shankar and Bard (1952) investigated C. perfringenm with respect to the production of filamentous cells in Mg++ deficient media and found that Ca++ played a role in the production of filaments even at optimal levels of Mg++ and other ions.
The relation of trace element concentration to the change in morphology of D. pneumoniae was investigated to ascertain which ions were involved in this alteration and to relate morphology and growth to metallic ion concentration.
MATERIAL AND METHODS
Diplococus pneumoniae, Types I, II, and a rough strain of Type II (D39R), were used in this study. The strains were maintained by serial transfer in brain heart infusion broth, the cultures being checked at frequent intervals for their identity and dissociation status. The inocula were prepared from 18 to 24 hour cultures in brain heart infusion broth, grown at 37 C, washed twice, and resuspended in one-half of the original volume of sterile 0.067 m phosphate buffer, pH 7.4. Of this suspension, 0.15 ml was used as inoculum for each 5 ml t medium.
All glassware was washed thoroughly with distilled water following the usual chemical treatment with chromic acid, NaOH, and dilute HCL Two methods were employed routinely in this study for removal of the ions:
(1) The medium was treated with salts which had the property of complexing or precipitating the positive divalent ions. These salts were: Sodium citrate, sodium potassium tartrate, potassium oxalate, sodium hexametaphosphate ("calgon"), and the sodium salt of ethylene diamine tetraacetic acid ("versene") The resin treated medium and the distilled water were tested for the presence of free Ca++ and Mg++ ions by the method of Buckley et al. (1951) . This method is sensitive to free Ca++ and Mg++ in amounts as small as one ug per ml. Within the limits of the method, no detectable amounts of either ion could be determined in the distilled water or the resin treated medium.
organic ions in the usual medium were varied in order to ascertain the optimum levels necessary for the production of chains. This was accomplished by adding various complexing agents to the medium or by removing the metallic ions from the medium by passing it through a cationic exchange column. Various metallic ions were resupplied in turn to the resin treated medium and the effect upon the growth and chain formation of D. pneumoniae observed. The effect of complexing compounds. The normal appearance of D. pneumoniae (Type I) is that of pairs of cocci (figure 1). Upon the addition of various metallic complexing compounds to the medium, however, the production of chains resulted (figures 2, 3, 4, 5). If the concentration of the complexing agent was increased above the optimal concentration required for the formation of chains, cellular multiplication was inhibited and no growth occurred ( The Mg++ requirement for the production of diplococcal foims was not met by the substitution of Ca++, Fe++, or Mn++ either singly or in combination. However, it was observed that the number of cells which contributed to making up the chain length appeared to increase when Mn++ was added to the medium which contained a level of Mg++ optimal for chain formation (0.4 to 0.6 ,ug per ml) (similar to figure 2). The Mn++ did not shift the range of the Mg++ action for. chain formation, but rather its effect seemed to be upon the length of individual chains.
These results were obtained from observations upon the growth and morphology of D. pneumoniae, Type I. However, identical results were observed with Type II. In order to determine whether this chaining phenomenon was the result of some property of the capsular mateiial of the organism, the experiments were conducted using a rough strain Type II (D39R) pneumococcus. It was demonstrated that again chaining occurred when the Mg++ level was suboptimal (figure 11, 12). Since the chaining effect could be produced with this organism, it was felt that the chaining phenomenon was associated with the cell and its mechanism for disengaging the paired cocci rather than with the capsular substance.
The effect of the addition of choline to normal and resin treated media. In light of the above, it was desired to confirm the observation of Okamoto (1940) that the presence of an excess of choline promoted long chain formation of D. pneumoniae. The results presented in figure 17 demonstrate that in a concentration of 0.20 per cent choline chloride, in the brain heart infusion medium, extremely long chain formations of the pneumococci occurred (figure 13). The concentration of the choline was increased up to one per cent and long chain formation persisted ( figure 14) . Also, the addition of choline to the medium, up to the amounts used above, had a stimulatory effect upon the growth of D. pneumoniae (figure 17). The same results were obtained when a rough strain derived from D. pneumoniae, Type II, was used (figure 12). was apparent that the ions wrere free in the solution. These findings do not exclude the possibility that choline is a weak complexing agent, for it is likely that the reagents used in the test could compete successfully for the Mg++ in such a manner as to remove it from the choline and thus give the appearanice that the Mg++ had not been bound. However, the extreme length of the chains obtaine(d when choline was used (figure 14) as compared to the relativel short ones received wNhen a complexing agent such as potassium oxalate was use(l (figure 5) would make it seem that the organism was less able to remove Mg++ from choline (if it were bound) than from oxalate which formns a sufficiently stable complex with Mg++ when tested by the colorimetric method.
Therefore, the choliine does not appear to bind or complex the metallic ions when it promotes the formation of long chains in a growth system. 
DISCUSSION
The present investigation has been concemed primarily with the morphological changes of D. pneumoniae produced by alteration of cationic levels in the growth medium, rather than with the optimal growth conditions for the organism although the two properties are interrelated.
Growth as well as the resulting morphological form of D. pneumonwae is dependent upon the level of Mg++ in medium deficient in the ion. There are three distinct morphological phases demonstrable when the Mg++ available to the organisms is provided at concentrations conducive to the production of each of the three phases. At the lower concentration (below 0.4 ug per ml Mg++) diplococci were observed, but the total population was small. If the concentration was brought to a range of from 0.4 jig per ml to 0.6 ,ug per ml Mg++, the growth approached the maximum obtainable with the medium but the cocci were found to be arranged in chains instead of having divided into pairs. Webb (1948) and Shankar and Bard (1952) on the effect of metallic ions upon the cell division of the genus Clostridium and the genus Bacillus. Webb reported (1949) A comparison has been made with the effect of suboptimal concentrations of Mg++ on the morphology of D. pneumoniae to the same morphologic effect produced by the addition of choline to brain heart infusion. Although the morphological appearance is identical, the mechanism resulting in chaining evidently is dissimilar.
